This editorial refers to 'Impaired baroreflex sensitivity, carotid stiffness, and exaggerated exercise blood pressure: a community-based analysis from the Paris Prospective Study III' † , by J.E. Sharman et al., on page 599.
Hypertension is one of the most common risk factors associated with atherosclerosis and complications of stroke, myocardial infarction, heart failure, peripheral artery disease, and end-stage renal disease. Detection of patients predisposed to develop hypertension would allow introduction of early treatment strategies to delay or prevent hypertension. Exercise testing is one approach, and an exaggerated blood pressure (BP) response to dynamic exercise during a symptom-limited exercise test has been shown in many, but not all, studies to be associated with development of hypertension in normotensive subjects independent of resting BP. The exact numerical cut-off point to differentiate an exaggerated BP response from a normal physiological response is variable and dependent on features of the population studied such as average age, level of conditioning, as well as the exercise test protocol and method of determining BP. There is no uniform consensus on what constitutes an exaggerated BP response to submaximal exercise.
Several investigators have studied mechanisms that might explain an exaggerated BP response to submaximal exercise. 1 3 Assessment of carotid-femoral pulse wave velocity, central pulse pressure, and baseline brachial flow showed that these were positively associated with the level of the exercise systolic BP, whereas a negative association was observed with flow-mediated dilation. The findings suggest that increased arterial stiffness and impaired endothelial function are significantly correlated to higher submaximal exercise systolic BP responses.
In this issue of the journal, Sharman et al. report data from the Paris Prospective Study III (PPS III), an epidemiological trial of 10 000 French subjects aged 50-75 years enrolled after a preventive medical check-up who will be followed for 20 years to determine incidence of acute coronary syndrome, stroke, peripheral artery disease, and death. 4 Their report describes a subgroup of 8976 subjects that had a submaximal step test that required stepping up and down two steps at the subject's own pace for 2 min, with BP recorded within 10 s after stopping exercise using an Omron BP recorder.
Step tests do not require much space and the investigators chose this exercise modality since the submaximal test did not require physician supervision and steps are a routine part of daily living.
Step height was not described, and a constant stepping rate was not required. As with any physical activity, the magnitude of haemodynamic response for any individual participant would depend on the intensity of exercise performed, amount of muscle mass involved, and level of conditioning. 5 Physical conditioning reduces heart rate and BP response at submaximal workloads compared with the same individual's deconditioned state. The physiological response to exercise results in a progressive decrease in vagal tone and increased sympathetic tone, alveolar ventilation, and venous return. Arterial baroreceptors are activated, with the most sensitive located in the carotid sinus and aortic arch. Under normal conditions, the sensitivity of the carotid sinus is maximal near the normal mean arterial pressure in healthy subjects. Small changes around this set point rapidly induce changes in baroreceptor firing so that arterial pressure can be maintained close to the set point ( Figure  1) . During exercise, as heart rate and venous return increase, cardiac output is augmented, stretching carotid and aortic arch baroreceptors, resulting in more frequent firing. 6 The increased afferent impulse activity to the central nervous system results in a rapid negative feedback loop (within a few cardiac cycles) to decrease sympathetic tone.
The arterial baroreceptors continue to regulate arterial pressure and heart rate during exercise but are reset to regulate blood pressure around an increased set point. 6, 7 In hypertensive adults, arterial baroreceptors are reset higher, and changes in pressure are regulated around the increased set point. Baroreceptor sensitivity (BRS) generally decreases in older sedentary individuals, and ageing/atherosclerosis may cause increased carotid arterial stiffness, resulting in less baroreceptor stretch for a given BP than a distensible artery. 8 A less compliant vascular system would also have less ability to buffer exercise-induced changes in BP and increase the likelihood of an exaggerated exercise-induced BP response.
To better study the interaction of BRS with carotid stiffness in PPS III, resting carotid BRS and carotid stiffness measurements were made before the step test was performed using an ArtLab highprecision echo tracking system with ECG. 4 The investigators defined an exaggerated exercise BP response as a value >150 mmHg and resting hypertension >140/90 mmHg. Almost half of the subjects had high normal or grade 1 hypertension. As expected, a progressive increase in the percentage of subjects that had an exaggerated systolic BP response increased from optimal to normal, high normal, and grade 1 hypertension. The exaggerated BP response was more common with older age, standing BP, standing heart rate, body mass index, and total/HDL-cholesterol ratio, similar to data from the Framingham Offspring Study. Peak exercise heart rate was markedly lower in the PPS III trial (87 vs. 127 b.p.m.) whereas peak BP response in the exaggerated BP group in PPS III was similar (166/75 vs. 167/82 mmHg). Although both studies used submaximal exercise protocols, the peak heart rate difference of 40 b.p.m. indicates that the PPS III protocol was clearly less strenuous than stage 2 of the Bruce protocol. Differences in concomitant drug therapy with negative chronotropic activity permitted in PPS III may also have played a role. In PPS III, the patients with an exaggerated BP response had significantly lower BRS and higher carotid artery stiffness. After adjustment for co-morbidity, in the normotensive patient group, only lower BRS (not carotid artery stiffness) was associated with an exaggerated BP response.
The population studied in PPS III is a cross-section of the middle and older aged French population, and included hypertensive patients on antihypertensive and lipid-lowering drug therapy. In this population, after excluding hypertensive patients, decreased BRS was an important determinant of an exaggerated BP response to submaximal exercise. Whether this marker will turn out to be useful in identifying patients at increased risk of developing hypertension and related complications will be addressed during PPS III follow-up. In the meantime, physicians counselling a normotensive patient with an elevated BP response to a submaximal low level exercise test should consider additional testing methods, such as ambulatory BP monitoring, before determining the need for antihypertensive drug therapy. 
